Juo! Ao

23 MgO b oud ZUo! Jtd 90 57 b (8559 WEL IO A9l g3 (i
Jlw yus 395571550 (2T S Jokoxo 31 J931wig o S

" K Ol " (sdome dpo clbollbe 25 Loy ! e OS]

Olten Sy o sle ola1s (tligy odSLils cdamen Sbldgy pwdige ) ol S (g pntils’

Oldas Sas ke s (bl el iilsdases Cuillgy wdige 03,8 HLiils”
Olon (S5 o she slK2ls (bl 0dSiilsclame Cblidgy sdige 03,5 skl 7

S e QL 7S5 o Cligy sidige 05,5 (bl oS5 Oldan S pole oS0 codiagd g Slsh Olton 1 gims sy 8 SLEI%
E-mail: asgari@umsha.ac.ir

AF/) 2 /Y0: iy AF/AIN VLol AF/VIV: g g

(XKWL

?
m031 g it s gn e SU 5 b AL Sl Co g il s S s Bame 4 Od 3,05 b S g T 1SR g Aty
b s B (S505) Rulp ablS () Sda b adllas cnl A3l 0 g5 ($5050 Kl B 0Lkl Sl glp By S8 us B S5
ol 488 Lol Sl s 5 5515 53 2l slad glows 5 Jp3ltss e S 53 MOO b e 2 Ul JWs o 8

=03 Sl .l 48 5 plovl Olies (S35 pobe oKl Cublug aaKls o byl 3 o o0 anlas ol ilayligy g ol 9o
Jolse a3l fe adsl Cale 55Ul 55 (S5 by PH Gl 86 56 .03 8 S S i b L5815 55 555530 S5
A e 596 FTIR b g dyslasfe 4o S ezmes 8 pasile JouS ok s IG3l, 5 051 oS g 55
s pens HPLC o&ais Jaw 55 J g3l 5 20 ke ol ks

ORI Jslie (3050 & Cam plp VIPY g0 1) Ja5lis e 425 Sy 0 g 5B 31 bl &S 313 0L s LA dISL
Jool A e 4B Yl kO3 5 A 2 p S V0L g ke 595U 5 N bl e PH adlas nl s s s
il g G 55 U s 53 ol s s Jg3litsis e o sl STy ekes 48 3l OLE Sl Julse 3G I

5 62336 5505wl sMOO L ead ool idg S (8 UL 3 Shes 4 455 b 45 Lol DL Jol> ol 15 paSdaais
sobie & 55050 Kl 3 3 e bl a5l cadsl slge 4y Olel e 5 W 53050 b amslin 3 Jg5ldss e Bl Olakil, i3l
b b $ alie LS 5 5 Jilhis e s SS1 s g SLekl) Sl

S g by 53551, MOO (das 25 Jid g ogjldis o (3305 o saals sla ol g

déjmél.abbds)'\w);\o sod>= 5 ol eslatul do\io
u&ﬁdbi(v ,\)Mb&f@"‘)?@bbb ‘;\Sl"‘ héﬁé“})")‘f}ﬁu&éﬁﬁi
23 5 ek osdplie O 53 (S e 4 B rae Sl 5 Lol Sate Glagsley Olss Gl

Y40 sle %.\)‘9&.\)}}3/\ oyl /YY 6,95 J._g}.:m ‘;ﬁ,j’,ﬁ ‘:_,.Lﬁ &Kils 41:9: AL



odd ool Jlab 1 S L (55008 55050 Al B o

S e b el sty 5 OF s of oS slul
Shelse Ko 5.0600) s o Sl L T olS s
DA eis a5 5550 |y (G050 S3050 Al B oS
Obey 5 ol au s sl (6515 o g 4 Ol 85 oo sl 03l
S5 03 Kl s pmmes 0D 55 ol WS
5 W o o)) Ui e SIS LAl
3ol ol 6 4Bty OseildenS] la i, sle
S Gan Jelse 5l 3U 0Ll wds sl
FeS dulp ol 5 Bl el LS syl JGs),
SLAST (V) 5,8 o 3 belse opl 6 co
omb W bl a5 UL mhe cleoa g5
Lyls oWl 5 Of wdas 533,08 ¢l SUL Ledly
e Aot (55 gladSt Sop bl s s
sl S peslle dil o0 28 555 Ll SO
Sis sbls MgO (56 slaas! gl eas as
spe u A5 5 ol 5 oL SL s Sl LS 5l ols
58 e Sl s Jlws B .0OA) L350 s o
ol Al (6,056 S5 O3l Al g s glbasT
Olge 4 MO ol 550 5leslinal a4 Ol o &S ol
Sl s s S Ol Al s 55t
& ool Loelen MO 1 eslizal (1) Jsliss e
S 3 655508 S5 05l Al s 550K Ol
Jab 155 b ol yen MOl sl 5 (+) oo e
oLl s G5 05 Al s 555K Olse «
NARDIFPN
Sge 4 MO 5 lS Sl aalllar i 055G
LL s ol o @bl 55 05l aul b ys 55508
ol sl Gde Ll sts 518 J S L el
MO U ot esls 25y b o S 5l eslinad aslllas
Aalp 5 5ol Olpe a4 e a3 s R
oSl Bl sl o sl S50

A3l ol Gladame 5l a5l e

3 odd w33 O Sl OS5l ) Gledes 5 4
e Sladllas O oSU L(F) gk o s Jaes 519
5 a3 LS T S sl 0L
5 S ey ol (e glaol S
(D) Ll g Sawelal O 5 bolsl imes
2 ke DA IS Gk 53 Yl S s
G e Ol 30 SIS e s s
skl () b ,SU s canslis sbal 6K
ol oz sl Kl s e Bl Ol
Ll i 00 p S ke ) el kel Ol 5o OS5
s Al el 5 S daslss e 0)
Glacisie gy slos 1S sb 4 &S 03 Jaslhees i
Wl oblsissn 5 il sbesL 5l b
s oolial udlodly wlse s 5 5 Whall Lol
5 500 e osdll H5b a4 UL polie 55 sl s e .(0)
Coolt T s Jgilisie (D) il ke
bog 5ol S Gpdaps b UL cl-
V) 5 5d ad Gl ot @ akal Jeme gla s
OgrdenST (Nl Jo3 5l s sla oy 5018
S st s (V)0 S Q) pliard g2
O3l sds 518 Jasldis me Gd gl (V)
53 015l o s bl D3 ols V4 05 s L ol
O3 el 3y 0 Ls BlE ple 5 LS (A
S &y Dyl dS] Slak 3 () 258
- STl (S as a pslie laedull aiuas
N (I o RSP (AP P [ S NE S
SO0 Al iy Ol glad]
(COPs: Catalytic ozonation processes ) (¢,;JLlS
L 5l s oS delx esle SO OT L3 8 il
Jos ol o 53 5 0 a3 538l O penlisl Al B 4 51
Sl oo 5 25 bl Jd sl 5 4 0
S0l DUSEe o Sedae O 5IBS Sl eslind
ol 53 03l mly Ul B 5l assle &S ) s

AOBINY40 olo %.\j}&.\)}}/\ oyl /YY 6,9

)‘j}.:..a ‘;i.ﬁj.; e_,.\; amb 4.1.7..«



J\)&AA B VJ.,L.G

s a1 0lS0d
il o

&5 ol s
Sy gel e
PRRELANS

ol bl

L5551, 535,05 455 4l
L ey Jslee

> < v &b 94 1 1 -

o Og
o

e

o e 0% ® 90 5 °

)
o

o

o
°

}

W58 Hu saliiad o) e L ST, Solad ) JSa

(SIMOO L sz pllat Jlas o S 5 (Gl dlad S sl FTIR o sy g

”G“kjg)-:‘vﬁkﬂd‘%jﬁ}&iﬁbﬁﬁ*‘
A el of 4 (Jle 5
5 oAb e ea adds 0 e 4 Sl byl
LS 50 28,5 Jseamms 5l S b 5 0 5 00 e
Cole G Ode w4 y aiy ) Dol 3 ) (80T e
B8 305 e 4 K5 el K 5 A e3i

vy g9l
CS o gz Jsslisis e 5l addllas cpl s
Sl .l ol eslital Law gl 4 (8 @,\ﬂ L5
Sl ot ag LT S e oS 5 51 el eslid 3l
Ldld oS Zlol s 4 e (25 Sl (R
Sl 3l e S 0v/00 O b & 4s eslizal MO

Y40 sle u‘@'ﬁ")'}&i")-’};” oyl /YY 6,95

N (S p ke o8l e AN



odd ool Jlab 1 S L (55008 55050 Al B o

5 Sl (Sles)T ole slaes S @ gt o bs o
by OV e 51 S ey e i S
5 oS S, byl desIT ke (slass S
S S Ol 5 o cpimmen (YE LYY YY) 555 o La LU
Slaos S el (SSles)l 5 b le glaes S
Bl e ek g 55 e Lol
153l e B Jons sl PH 3T

b PH &S 558 0 edalicn ) Glages L sillas
by Jgslssze Gl Olkl, s (gl LG
Ve Sl s G305 Gl Bl Ol 4S5 sk
sl bl e sk o4 L Y pH s as s
El ol s e o VY PH s o5 0 Ol
S0 G505 pH el 5 oS was e 0L
-0 Ol o Sl G505l 4 S 1 e 3 Shes
Cons VY PH 3 Gl 0Lkl Sl & am 5 L s
L oz 5 Sl a2l (et Rl )0 pH &
s S b s\ ) wp PH (golasl flw & x5
Rl 3 e 23S el PH ) s SlilesT el
el i VY Ll pHzpe lie sl
Aoy e Bl 815 0y S

Sl Obedily oS 34 e sdalie oS kil
4350 3L Oley Ll b oWl Gllas g5l s e
/L a4 aads 0 Olejy 5o doys Y0 /4 5l Okl oS5k
CESWR I IS RSP R WY N} N PRSI
£ oLkl aids e Sl 455k Ll o SRl WS
05 Al aS Clly a8 LL A e ds s VY
Oley e 53 (5,550 G305 Aol B L sl s LS
s b ey Jaslis e Bl g e 4 g 20
SOk I L s G505 el s sl «
3500) ol 2ls oS T3l Oleily adds 1o 4 Y
Sy g Ol Olge a4 aids Yo Ol 10 (Ao 1
A4 S ks b tlesl el

Jasl s e Bl 59,5 95018 595 S0

a@ﬁdwd;éwﬂﬁ.mw;giwjéuj
sles oo Cele T e 4 e LS godes L oodd
VR PRSI e G S e BN S WP ESSNR R
SB LS Sl ams 00 gl s Cele ¥ o Dle @
Le Sl o oemer (M) Lpd wldS B oan S
S 3t fage 31 S5 Olse 4 OTPHzpe ¢ 55618
5 bases 53050 @l (YY) ad ens Lays3JUlS
oo 5 TF-3 Juo Loy oS5 sl 058 o&aus
L COG-1A Jue 4l b 15,1 &S 15 Jgame 031 U s
Cb bl oS S sl 0l S0 cs b
oslanal b Jgslass e clale ad eslanal 2 L Yoo
;(UVNIS)%WUq&btsp@udét;):u};j\
S S SSlp el Y mse Jb s C18 O
sl SIAY T e A3 b (S 5 S e
VoG e s ki o e ) P Ey
e oeslle andlas cul 3 .004) WaL e s See
e Sl gls 0y 5 s sk o FTIR il
b 0) xSty oles (Y 5V 0 FIPH 56 ssbls
S5 6 s Gadg g5 Y 6 2/70),5 5018 S5 (ais
o (g Jwo)olind 5 () 2 50M)d50 5
Gl Okl o csle e S0 g5 O3l Ol S0

basdl
el dbé (S 5 Wb S FTIR b e
ok

5 (WY ) Js on S ¢l FTIR Cib
ol esls Ol (0 -) K MQO L s Flsl o S
03 B o tege &S L e 0L bacab ol el
05,5 sO-H WL saaas ol s om™r e gla LSlS 3
CMTYors B Yens Bsgime 55 Sy cpdkir (b le
KL 5 3l JeeSasen slaos S 4 L o bgy e oS

S CMIAC BV oo 3 Ky A wld

AVEAY40 ol %.\j}&.\)}}/\ oyl /YY 6,9

)‘j}.:..a ‘;i.ﬁj.; e_,l& aL{.:JL\ 4.1.7..«



J\)&AA B L;.,L.G

So55bE G505 T s 303l
100
80
=
3 60
3
kN
“2 40
20 4
0

0 .;) 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 5‘0 5‘5 6‘0
(azds) oleg
03 a8 Hu Jsolasissie Bda o GESIs le) HSE Y Hlasa
So9 il a Sglie £ Jgolan g sle wlile )l 55 o3l 5 soulBS
(V0 b ool PH 5 (65550618 (35050 ailid 6l S 5 a S L 0alGIS

T s S5 0 O 5 0

20: O___O___O/O/O

0 2 4 6 8 10 12
pH

205 a8 5o Jaslat g sie Bia 5o Jslae wl gl PH 56 1 Hloga
Soasiadn p S hie £+ Jdlan s sie 4l clile )l (55050 5 550K

(B8a Y+ Lol glal 5 53l 5o a S 550K

100
80
B
3
D 60 -
)
~ 40
20 A
0 T T T
0.25 0.5 0.75 1

1.25 15 175 2

A 505 53368 55

(Vo bl PH 5 amda e (aSly oled il o poSiolie £+ ol sste Sale)is 5 55uIBIS (35030 wuld s Jgdlas s ste Bl 5u 5 s5lBIS 550 58B ¥ Hlysal

G5 O3 3 rmen Ay g 0 S e b B
53 deonn Ve Sl Okl aldsYe Sl s 5 (55550
fr Bl 3 doys VI & ) oS e Ve il
23k Al A e S s
Sis 5y p Sl 5 gy o b
Ja3lhs s s

Sl 65y LSSl U e e
0S5 T s G505 Al b s Jaslass e
Ly iy 4 Slid ge he 05 JSls o5
sl & 0 Jlsgad 53 Jols il A lsl (sl
Shdm IS s o5 &8 das e 0L b ol
YA 5o Slawd 5 doys VE sl aids Y Ol
ads Yoo 5l da |y Jaslis me A bl Aoy
HLsls fals

9 s S50 Al 5 Jasldbs e 4 SS

3566 s Jule cpl S0 s sk @
¥ lgad 53 O s 5 esls is 2l e SY L 4/YO
35 Il Loasd e edalie Lol sl esls OLAS
YO 5B s 55 doys YL S 0Lkl s 5LlS
55 53 dopy WA w5 asl il 2l Wf
}6>uﬁ1§wy>g.w)@,:gﬁ¢;v ool
2eS Y 55 (Mess 0 550)0blily oS Ll
RS A VLISPIN S PRI S S VL IP PRGN N
A bl w55 IUE s Olge 4 2
da3lass fo 4yl <l 3G

Sl b e e 0l mls S 5 boles
QLaJJl)J:’JﬂrJfL;?ab w3l dsslass e cble
Ol sl Hsb a4 Bl Jals aul bes s s Gl
Lo yn 00/F 51 Oleily adds Y Oleg 3l day 5 sl 55

05 doys T spd a0 s C;L}.ﬂ Voo skl s

Y40 sle u‘@'ﬁ")'}&i")-’};” oyl /YY 6,95

N (S p ke o8l alowe) A



odd ool Jlab 1 S L (55008 55050 Al B o

bl ol e 2 el el
Olkily xS 53 5 (V4) 0355 oS 55506 5 dsslass e
el adll g BB 58 Jaslass e i
Gl Say  lasdlas YA Jlo s L 5 513
5 el (s US 5031 b 5 eslind L Oy
Gl 0Lkl V) & ¥ 5IpH il L &S W5 S edaline
G o by oS (5 503 Wadllas 55 (YA) AL oo Sl 3
S AS edalie (23 S VL?J Yool Jlo o (3semme g
yp K, Bde Ol A Ll wwe PH s
563 eslinad U 6abS 55050 Ayl b s VA ST,
Ll o plas o i 555U Olge 4 MO ol 53
(YQ)

(ST Oley bl L as sdalie oS 450
WS 23050 5 oAbl G505 dul B s a ol
S U 30 oSl s 4Gl Ll
Obekily by il S L Lgd S3051 L anslas 53
03 aS A edalie iomes ol 4 S el s 5UL
Ll s Jajldis e G obdily ol S slaoke;
25 les G050l Sl i sl 65550 S50
CO3 Al e gl 4 0155 e |y Laaly ol
5o s Oldlas 53 (V) sl el (usBS S
S0 Kl 5 Ly Ul e e Sl ()
S ol ST (M) ¥ Sl ok sdalie (555008
Caolt & s s ol GBS 55U e s
R PIET S SIS SPES SRV R (S WL R P
(V23S0 13 Cse a0 Ol

0aBS e ulssl a8 ol sl ekl
ol opl g edd dlb gzl 5 mhan S50 sl
OF n 3 5 ssdip O3 Sl Sl 4
che 2 e I s s e b s
=TV Al e Sl @LA SR abs
el 3l s Llg e S (s Jlens] Jds. (Y

@ 05 4 S 95U e )l L s el

MO | ok ol Jlab ¢ 5 b (5555618 (3503

old g 5B EE Osls 0L e shiea

32 5 S o ax s gladie LS G305 L el s

53 2 S sl Ol O S 5 B S JIE sp 2

S ame de Sl oS 55050 5 s 3050 Ll

St D dasls e 4 SO s e s S (g
()38 0k 5 oo v Ols

-In(C/Co) = Koveran - t

bl el sle Kooverall Jgo b ool 3 &S

- r iyl O Aol S Sy STy e e

0 o (C/Co) i ey bl &S L

AT s Db

-
22 Ol et gla bl o ege s 51 H
oyl g Lol oS (s 3 5 035 ol Gladames
SIPH (Yo, Y1) 5l gy BB b 558 o T gla
56 Sl osl Jasl S sl 10850 Wlg e g b s
L Gk 36 5 (it 50) mbe 5B 4 (58
OV YY) (s b 550) e LadSsly 4 003
S W3 S edalis Sromb oblly dl sla pH s
(el PH 35 48 5 5 0ly 8 ol 1) 0 s 0l e
5 () 63 S 1S, JT LS 5 s &5 4 0
235 oS Liala3l 5550 sk 3 051 Jltde &5 bl S
L odalie Lol a3l o mb 50 Oledily ams 5> ool
ol ecde oS ol il 5o Ol PH i1l L &S
Sdlush & Ol 4 ol lal s o s il e
O3 4 o el O 5 Al Rl S
Obkly 4o 3 Ljls (6 Rde OsmwldanS] il
V) s i pHO R0 L sy e Sl
LAY Ve b ol pH OLlly oS Sl osd e
OF e oSyl a4y a5 L oS 51> CondPHzpe 4 015 0

WYOPH ss0- s S i Olg e el ey VY

ABYA0 ol %.\j}&.\)}}/\ oyl /YY 6,9

)‘j}.:..a ‘;i.ﬁj.; e_,.\; amb 4.1.7..«



J\)&AA B L;.,L.G

W S e X eSS T
< , —O— i e e
O e S ket #Jﬁﬁ)ﬁw
. T S T
X e S ke . s
100 Xl e S e Y
O e Sk 100 4
75 .
. X
3 3 x—
’T) <0 ;'3 % X/
3 B —
B V}% 25 */X
0 0 ‘ ‘ ‘ : : ‘
0 5 10 15 20 25 30 o s 10 1s 20 2 30
(ai39) )b (@Q)QL‘}

(S 52 a8 V0 555G 50 5 dBa Yo (2N Loy Ve b ol PHYO)S (35 001 5 (Al)susoalBIS (55 ooh alsd 5 Jaslas s sie 4l sl clale 550 3¢ Hlo gai

X Wi s est
B 5508 S50
—_ s

100 4

80

60 -

(due ) Lol

40 -

20 A

ol o (555068 505

15
(433) 0k

5 10

(el 52 0 S V0 5 s5alBIS 550 5 Ve b ool PH il 32 S it + ol g5t wlal) g 55l BIS 35050 wul b 5o Jeohigsie Bia 5 olicd I g5 o055 580 20 Jlaga

olBl Ay AV w4 a0 1 s Gl Olel
() el asil

Chl 55 L ool plae o L2 edalis
Cle &S L8k Shals wl b s e Olekily Jslss e
wloll chle 253l L oS 55 ol 680l 0ly e 1)
b 3l b e SR ST L s sl
O s S ooder gl JIGsl, Olgee 035 2ol s
s oy $AS a4 UL gl chle s el 4 s
Loy o005 O3 3 pRIBI L ISee ool ((YR) 5,8
5 S Slllls 53 08)5 5 e Ol (55 051 Ol
08) el os odalin glie ol

slaagl b Olis 51 S$ a8 cnl sdd ool

Gk 3l Saltite Jelye e i e iy O gl denS]

20 25 30

(D) Ao SR 5 JeeSasn sl slow S
adlls Ol e LATAY Jle s 0L e 5 Sl S dalllas
03 Al ke Jolis e 4 LS
-0 Ol (e eS| R VN T T ST NIt LY
JEA ISR VAT I CISVIN - COS PRCH I PCRT
S Sl e s Bl SRl e 4 G oLl
Oblily 3 (¢ pKador L6 5508 s a5l lde
S 65 Adlas s .(0) 3 sl e G
L s 55050 amlie &y 5o OLSer 5 (55 g0
Lol p bl pl S5 L d p S Sl esland
dlo oo 5o ool Sl b Gl cr (OS50
0 Oboy Sl 534S Ws S edalie (Lisls fl?""‘ Yeoq

ndlaﬁuJJsJ'l_J)J CﬁY'UY/O )ja.é})b}‘\j.:.;b

Y40 sle u‘@'ﬁ")'}&i")-’};” oyl /YY 6,95

g SKd 5 psle NECHIESA=



odd ool Jlab 1 S L (55008 55050 Al B o

I 4 "“'::'.LJ:JY.\?’ de DL db@}d}w}o .]wa

YY) el

S 5 4o

g b o S 655 2 MPO candllas ol s
S L a3l S Olge & O 51 s el
S50 S3050 Wl Ay Joslispe Sl
e 0oy PH 531 L oS ols 0L s 03 aslicad
o o=l Jaslass e Bl 0Ll 5B s
S350 L5051 Al aS AS jasle omes AL
2 G b 2 8les LS 5050 Ll 4 Cens
2B ol ib &l Jailiis e Gl ol
L sl 55050 Aulp o das e 0L Lol
s andlae pl s el es )8 4 UK 5l el
Jaslasis e Gl sl Sise (6ol G Olse 0 Al
S 3 eslizal 350 ol (sladasms |

S99 g S
Olpe b Sl 2 b 5 s dle ol
Sheslamal b 6,508 55 O3l Aol p s Ses o)
es 83 iy s 4 MOO Lt Aol s
Kils Cpae ol sladamas 5 Jaslais e i o
53 Ol Dbl Sloys il Sledst 5 Sy ke
ol Colem L aS il e 611714 S 4 YTAY JL

RGOV P % ‘)"‘ Oldaa Lfi‘zﬂ c)lﬁ

References

Wl o Wl ol Doy 2alS 5 LadIS0sly o e
J S 3l eslizd Sl 5 sl 0L s (F-TE)
Sod s Yo 5l das Jgslas g re Gd Olesly (I
Sl 0Ll SRS S b 3 el el (S A3 V8
Ao yn ¥oosgde Conl ol eslanal Sland 5l &8 -
A L S e 25wl e 50 ey
S 58S 0l 4Kl Olg e 1y Jasldi s me i Ol
C o oS ssden JGsl, b STy s S5
& sk a5 (V) adls O3 J iS50 4 s s 5UL
355 0 (JeuSaodes Gl 03 5 e Dot
56 UL 3 e 5 S e 0Ll ialS L,
o Op ol Ul sl bl @ Olg e 1 ol )
a3 5 b mae lle by S LSS
00) 3l o Lol ol 055 Cgane 5 Jlad s
Lo b usly 8 38 anms Ulg s I
235308 w3 2l Sl Al 3 sl e
Il 53 G 5 Sawse &S gl adllas 5 5Ll Sl
Loeslie LS5 (505008 S5050 a5 TIY
odalin Wsly bl aty Sy Sl ol 4 by
J-CRCH P VPR S R I PRI g JRTNE
O0F) Csl azils Ol fals 55 (ool
SaS eon 3 Jels mlE S skiles
O3l Al By STy e ol ols Ol s ST
B A A I N AR AN RS
angS Ol g oS 3L SRl o0 S505) el
G sy ol ag aJUE Osgpl a5 s S

G S G5B 5050 Asl s s 1 Jaslas s e

1. Yazdanbakhsh A, Sheikhmohammadi A, Sardar M,Manshuri M. Investigation of combined coagulation
and advanced oxidation process efficiency for the removal of Clarithromycin from wastewater.

Yafteh. 2011; 13 (1) :7-16. [Persian]

2. ZhangH, Liu P, Feng Y, Yang F. Fate of antibiotics during wastewater treatment and antibiotic distribution
in the effluent-receiving waters of the Yellow Sea, northern China. Mar Pollut Bull. 2013;73(1):282-90.

3. Nasuhoglu D, Rodayan A, Berk D, Yargeau V. Removal of the antibiotic levofloxacin (LEVO) in water by
ozonation and TiO, photocatalysis. Chem Eng J. 2012;189-190:41-8.

Liu P, Zhang H, Feng Y, Yang F, Zhang J. Removal of trace antibiotics from wastewater: A systematic

AEIY40 ole %.\j}&.\)}}/\ oyl /YY 6,9

)‘j}.:..a ‘;i.ﬁj.; e_,l& aL{.:JL\ 4.1.7..«



odd ool Jlab 1 S L (55008 55050 Al B o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

studyof nanofiltration combined with ozone-based advanced oxidation processes. Chem Eng J.
2014;240:211-20.

Ben W, Qiang Z, Pan X, Chen M. Removal of veterinary antibiotics from sequencing batch reactor (SBR)
pretreated swine wastewaterby Fenton's reagent. Water Res. 2009;43(17):4392-402.

Fang Z, Chen J, Qiu X, Qiu X, Cheng W, Zhu L. Effective removal of antibiotic metronidazole from water
by nanoscale zero-valent iron particles. Desalination. 2011;268(1-3):60-7.

Kimmerer K ,Al-Ahmad A, Mersch-Sundermann V. Biodegradability of some antibiotics, elimination of
the genotoxicity and affection of wastewater bacteria in a simple test. Chemosphere. 2000;40(7):701-10.
Méndez-Diaz J, Prados-Joya G, Rivera-Utrilla J, Leyva-Ramos R ,Sanchez-Polo M, Ferro-Garcia M, et al.
Kinetic study of the adsorption of nitroimidazole antibiotics on activated carbons in aqueous phase. JColloid
Interf Sci. 2010;345(2):481-90.

Shemer H, Kunukcu YK, Linden KG. Degradation ofthe pharmaceutical metronidazole via UV, Fenton and
photo-Fenton processes. Chemosphere. 2006;63(2):269-76.

Cheng W, Yang M, Xie Y, Liang B, Fang Z, Tsang EP. Enhancement of mineralization of metronidazole by
the electro-Fenton process with a Ce/SnO2-Sb coated titanium anode. Chem Eng J. 2013;220: 214-20.
Ingerslev F, Torang L, Loke M-L, Halling-Sgrensen B, Nyholm N. Primary biodegradation of veterinary
antibiotics in aerobic and anaerobic surface water simulation systems. Chemosphere. 2001;44(4):865-72.
Metcalf I, Eddy H. Wastewater engineering; treatment and reuse. 2003.

Michael I, Hapeshi E, Michael C, Varela AR, Kyriakou S, Manaia CM, et al. Solar photo-Fenton process on
the abatement of antibiotics at a pilot scale :Degradation kinetics, ecotoxicity and phytotoxicity assessment
and removal of antibiotic resistant enterococci. Water Res. 2012;46(17):5621-34.

Lv A, Hu C, Nie Y, Qu J. Catalytic ozonation of toxic pollutants over magnetic cobalt and manganeseco-
doped y-Fe;0s. Applied Catalysis B: Environmental. 2010;100(1):62-7.

Moussavi G, Khosravi R, Omran NR. Development of an efficient catalyst from magnetite ore:
Characterization and catalytic potential in the ozonation of water toxic contaminants. Appl Catal A- Gen.
2012;445-446:42-9.

Nawrocki J, Kasprzyk-Hordern B. The efficiency and mechanisms of catalytic ozonation. Appl Catal B-
Environ. 2010;99(1-2):27-42.

Valdés H, Farfan VJ, Manoli JA, Zaror CA. Catalytic ozone aqueous decomposition promoted by natural
zeolite and volcanic sand. J Hazard Mater. 2009;165(1-3):915-22.

Haldorai Y, Shim J-J. An efficient removal of methyl orange dye from aqueous solution by adsorption onto
chitosan/MgO composite: A novel reusable adsorbent. Appl SurfSci. 2014; 292: 447-53.

Kermani M, Bahrami Asl F, Farzadkia M, Esrafili A, Salahshur Arian S, Arfaeinia H, et al. Degradation
efficiency and kinetic study of metronidazole by catalytic ozonation process in presence of
MgOnanoparticles. Urmia Med J. 2013;24(10):839-50.

Lee J-E, Jin B-S, Cho S-H, Han S-H, Joo O-S, Jung K-D. Catalytic ozonation of humic acids with Fe/MgO.
Korean J Chem Eng. 2005;22(4):536-40.

Moussavi G, Aghapour AA, Yaghmaeian K. The degradation and mineralization of catechol using
ozonation catalyzed with MgO/GAC composite in a fluidized bed reactor. Chem EngJ. 2014;249:302-10.
Dastgheib SA, Karanfil T, Chen W. Tailoring activated carbons for enhanced removal of natural organic
matter from natural waters. Carbon. 2004;42(3):547-57.

Moussavi G, Khosravi R. Preparation and characterization of a biochar from pistachio hull biomass and its
catalytic potential for ozonation of water recalcitrantcontaminants. Bioresour Technol. 2012;119:66-71.
Socrates G. Infrared and Raman characteristic group frequencies: tables and charts: John Wiley & Sons;
2004.

Alvarez P, Garcia-Araya J, Beltran F, Giraldez I, Jaramillo J, Gomez-Serrano V. Theinfluence of various
factors on aqueous ozone decomposition by granular activated carbons and the development of a
mechanistic approach. Carbon. 2006;44(14):3102-12.

Leili M, Moussavi G, Nadafi K, Ghaffari M. The investigation of single ozonation process, catalytic
ozonation process and single adsorption on activated carbon efficienciesfor removal of furfural from
aqueous solution. J Sabzevar Univ Med Sci. 2013;20(1):51-61.[Persian]

Leitner NKV, Fu H. pH effects on catalytic ozonation of carboxylic acids with metal on metal oxides
catalysts. Topics in catalysis. 2005;33(1-4):249-56.

Zhao L, Ma J, Zhi S, Zhai X-d. Catalytic ozonation for the degradation of nitrobenzene in aqueous solution
by ceramic honeycomb-supported manganese. Appl Catal B-Environ. 2008;83(3-4):256-64.

Moussavi G, Mahmoudi M. Degradation and biodegradability improvement of the reactive red 198 azo dye
using catalytic ozonation with MgO nanocrystals. Chem Eng J. 2009;152(1):1-7.

Moussavi G, Khavanin A, Alizadeh R. The investigation of catalytic ozonation and integrated catalytic

Y40 sle %.\)‘9&.\)}}3/\ oyl /YY 6,95 J._g}.:m ‘;ﬁ,j’,ﬁ ‘:_,.Lﬁ &Kils A.La» v



J\)&AA B Jv\.&

31.

32.

33.

34.

35.

36.

ozonation/biological processes for the removal of phenol from saline wastewaters. J Hazard Mater.
2009;171(1): 75-81.

Rahmani A, Asgari G, Samiee F. Evaluation of Performance Catalytic Ozonation with Activated Alumina in
the Removal of Pentachlorophenol from Aqueous Solutions and Study of the Intermediates. Sci J Hamedan
Univ Med Sci. 2013; 20(10: 77-85. [Persian]

Mortazavi S, Asgari G, Hashemian S, Moussavi G. Degradation of humic acids through heterogeneous
catalytic ozonation with bone charcoal. React Kinet, Mechanisms Catal. 2010;100(2):471-85.

Valdes H, Murillo F, Manoli J, Zaror C. Heterogeneous catalytic ozonation of benzothiazole aqueous
solution promoted by volcanic sand. J Hazard Mater. 2008;153(3):1036-42.

Faria P, Orfdo J, Pereira M. Activated carbon catalytic ozonation of oxamic and oxalic acids. Applied
Catalysis B-Environ. 2008;79(3):237-43.

Kasprzyk-Hordern B, Ziotek M, Nawrocki J. Catalytic ozonation and methods of enhancing molecular
o0zone reactions in water treatment. Applied Catalysis B-Environ. 2003;46(4):639-69.

Valdés H, Zaror CA.Heterogeneous and homogeneous catalytic ozonation ofbenzothiazole promoted by
activated carbon: Kinetic approach. Chemosphere. 2006;65(7):1131-6.

AFEINY40 olo %.\j}&.\)}}/\ oyl /YY 6,9 )‘j}.:m ‘}SJJ.; e_,lﬁ a@b‘\l’.u



Journal of Sabzevar University of Medical Sciences, Volume 23, Number 1, March & April 2016

Original Article

Survey of Catalytic O zonation Process with MgO-
Modified Activated Carbon for the Removal of
Metronidazole from Aqueous Solutions through a
Fluidized Bed Reactor

Ashkan Abdoli
MSc Student of Environmental Health Engineering, Faculty of Public Health, Hamedan University of Medical Sciences,
Hamedan, I.R.IRAN

Reza Shokuhi
Department of Environmental Health Engineering, Faculty of Health and Research Center for Health sciences, Hamadan
University of Medical Sciences, Hamadan, Iran

Abdol Motaleb Seid Mohammadi
Social Determinants of Health Research Center, Department of Environmental Health Engineering, Faculty of Public Health,
Hamadan University of Medical Sciences, Hamadan, Iran

*Ghorban Asgari
Social Determinants of Health Research Center, Department of Environmental Health Engineering, Faculty of Public Health,
Hamadan University of Medical Sciences, Hamadan, Iran

Received:29/09/2015, Revised:02/11/2015, Accepted:15/01/2016
Correspond_ing author: Abstract
Ghorban Asgari, Background & Objectives: Antibiotics can cause negative

Department of Environmental . . . . .
Health Engineering, Faculty of impacts on animals and bacterial resistance by entering to the

Public Health, Hamadan environment. Catalytic ozonation process is a method for
University of Medical Sciences, increasing the efficiency of the simple ozonation. This study
Hamadan, Iran evaluated the efficiency of catalytic ozonation process with
E-mail: asgari@umsha.ac.ir activated carbon modified with MgO to remove metronidazole

from aqueous solutions in a fluidized bed reactor.

Materials & Methods: Catalytic ozonation experiments were
performed in a fluidized bed reactor. Impact of pH, reaction time,
catalyst dosage, initial concentration, radical scavengers and
hydroxyl radicals was found. The degradation kinetic of
metronidazole was determined as well as FTIR spectra of the
catalysts. The concentration change of metronidazole was
determined by HPLC.

Results: The results showed that the catalyst prepared increases
metronidazole decomposition rate as high as 7.32 times,
compared to conventional ozonation. The optimum pH of 10, the
optimal dose of 1.5 g/L of catalyst and the optimum time of 30
min were determined. The results of radical scavengers’ effect
showed the main reactions of metronidazole decomposition are
on the catalyst surface.

Conclusions: The results showed that, due to the high
performance activated carbon coated with MgO in catalytic
ozonation process, increased removal of metronidazole,
compared with simple ozonation, and easy access to raw
materials, the use of these catalysts in ozonation process are
recommended to increase efficiency and accelerate the
metronidazole decomposition reaction and similar compounds.
Keywords: Catalytic ozonation, Metronidazole, Deep coating,
MgO, Fluidized bed reactor
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